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(54) SEMICONDUCTOR DEVICE AND OPTICAL SIGNAL INPUT/OUTPUT DEVICE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high-performance optical 
signal input/output device which maintains the form of a chip size 
package and enables the input/output of many optical signals. 
SOLUTION: A package structure 10 containing an LSI chip 11 
having semiconductor integrated circuits, a surface light emitting 
element array 1 2a composed of two-dimensionally arranged 
surface light emitting elements, and surface light receiving element 
array 1 2b composed of two-dimensionally arranged surface light 
receiving elements, is mounted on a printed board 20. An output 
multilayer optical guide 21a and an input multilayer optical guide 
21b are optically coupled with the surface light emitting element 
array 1 2a and the surface light receiving element array 1 2b f 
respectively. The surface light receiving element array 1 2b 
converts input optical signals from the input multilayer optical 
guide 21b into electric signals which are then inputted to the 
semiconductor integrated circuits, and the surface light emitting 
element array 1 2a converts output electric signals from the 
semiconductor integrated circuits into output optical signals which 
are then guided to the output multilayer optical guide 21a, thus 
constituting the optical signal input/output device. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the connection which connects electrically to this semiconductor integrated circuit a 
semiconductor integrated circuit, the field light emitting device array which was made to carry out the 
two-dimensional array of the field light emitting device, and constituted it, the field photo detector array 
which was made to carry out the two-dimensional array of the field photo detector, and constituted it, 
and this field light emitting device and this field photo detector into one package — the semiconductor 
device characterized by having a conductor. 

[Claim 2] The lightwave-signal I/O device with which it is the lightwave-signal I/O device equipped 
with the substrate which prepared electric wiring, the input-side multilayer optical waveguide which 
draws an input lightwave signal, and the output side multilayer optical waveguide which draws an 
output lightwave signal, and the semiconductor device according to claim 1 electrically connected with 
this electric wiring at least, and this input-side multilayer optical waveguide combines with said field 
photo detector array optically, and this output-side multilayer optical waveguide is characterized by to 
have the configuration optically combined with said field light emitting device array. 
[Claim 3] The lightwave signal I/O device according to claim 2 characterized by having the reflector 
where the edge of said input- side multilayer optical waveguide turns input signal light in the direction of 
said field photo detector, and turns it, and having the reflector where the edge of said output side 
multilayer optical waveguide turns the output signal light which said field light emitting device emits in 
the direction of a guided wave of this output side multilayer optical waveguide, and turns it. 
[Claim 4] The lightwave signal I/O device according to claim 2 or 3 characterized by coming to carry 
out the laminating of the optical waveguide sheet with which said input-side multilayer optical 
waveguide or said output side multilayer optical waveguide comes to carry out the laminating of the 
optical waveguide sheet which has two or more optical waveguides, or has two or more optical fibers. 
[Claim 5] The lightwave signal I/O device according to claim 2, 3, or 4 characterized by having a micro 
lens in the optical path of said input signal light which results in said field photo detector from the inside 
of the optical path of said output signal light from said field light emitting device to said output side 
multilayer optical waveguide, or said input-side multilayer optical waveguide. 
[Claim 6] The lightwave signal I/O device according to claim 5 characterized by defining the focal 
distance and diameter of said micro lens according to the optical path length who results in the core of 
said output side multilayer optical waveguide corresponding to this micro lens, or said input-side optical 
waveguide from this micro lens. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device, the semiconductor device 
which enables processing of many lightwave signals especially about the lightwave signal I/O device 
using it, and the lightwave signal I/O device using it which are used in an optical-communication 
technique. 
[0002] 

[Description of the Prior Art] In the optical-communication technique, after receiving a lightwave signal 
and processing waveform shaping, magnification, etc., the repeater which has the function resent as a 
lightwave signal is used. The lightwave signal I/O device which receives and sends a lightwave signal in 
an optical-communication technique including such an example is indispensable. 
[0003] Drawing 4 shows the conventional example of invention of such a lightwave signal I/O device (it 
indicates by Japanese Patent Application No. No. 138605 [ 1 1 to ]). A perspective view shows a 
lightwave signal I/O device typically among drawing. 

[0004] This Prior art forms the solder bump 56 who makes possible electrical installation of LSI chip 51 
which builds in a semiconductor integrated circuit, and the electric wiring 58 on a printed circuit board 
55, as shown in drawing 4 . moreover, the field light emitting device array 52 which was made to carry 
out the one-dimensional array of the field light emitting device, and constituted it (namely, a single tier - 
- arranging), and the field photo detector array 53 which was made to arrange a field photo detector 
similarly and constituted it are connected to LSI chip 51 by the electrical connecting means of solder 
bump 57 grade, and the semiconductor device which has the I/O function of a lightwave signal is 
constituted. In such a lightwave signal I/O device, between the field light emitting device array 52 and 
the field photo detector array 53, and the optical waveguides 54 prepared on the printed circuit board 55 
is optically combined so that an exchange of a lightwave signal may be attained. Thus, the lightwave 
signal I/O device which has not only the I / O unit of an electric signal but the I / O unit of a lightwave 
signal is constituted. 

[0005] It is packed by the technique called the chip-size package (CSP:Chip Size Package) which can be 
stored in the package of the magnitude as LSI chip 51 with almost same LSI chip 51, field light emitting 
device array 52, and field photo detector array 53, and the semiconductor device which has the I/O 
function of a lightwave signal is constituted. Especially CSP structure is the high package structure of 
need in a high-end machine machine, a communication device, etc. with which small high density 
assembly is demanded. 

[0006] Although the electrical installation of LSI chip 51 and the electric wiring 58 on a printed circuit 
board 55 is made by the solder bump 56, I/O of many electric signals can be enabled by stationing the 
solder bump 56 in field in the shape of a 2-dimensional array on a package inferior surface of tongue, 
with a small package configuration maintained. Such a package is called a ball grid array (BGA:Ball 
Grid Array) package. Moreover, when there is few I/O of an electrical signal, the KUADDO flat 
package (QFP:Quad Flat Package) structure of having the electric terminal of the letter of a lead can 
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produce around a package by low cost, and is convenient for it. A point with possible BGA package 
structure and QFP structure also being carried by the surface mount technology on a printed circuit 
board, and both, carrying out an assembly to low cost is the common description. Especially, in the case 
of BGA package structure, since it is connection by the solder bump, it can position with high precision 
according to the self aryne effectiveness of the fused solder, and has been the unique description which 
this surface mount technology has [ this ]. 
[0007] 

[Problem(s) to be Solved by the Invention] In the above-mentioned Prior art, the light corpuscle child 
(the field light emitting device in the field light emitting device array 52 and field photo detector in the 
field photo detector array 53) who outputs and inputs a lightwave signal was stationed by the periphery 
of a semiconductor integrated circuit in the shape of a single dimension array (namely, single tier), and 
optical I/O of this semiconductor device was a luminescence and light-receiving side, and was a single 
dimension array respectively. Therefore, in order to increase the number of lightwave signals, each array 
must be lengthened to a longitudinal direction, as a result package size will become large. This means 
not harnessing the merit of BGA package structure (or CSP structure) which can realize a 
miniaturization easily harder [ which can output and input a signal in field to a printed circuit board 55 ]. 

[0008] Thus, in the above-mentioned example of a Prior art, the semiconductor device which has the I / 
O unit of a lightwave signal could perform only single dimension array-like I/O [ signal ], in order to be 
the increment in the number of lightwave signals, it came die length of one side of a package size, and 
did not obtain a kink colander, but had the problem that the configuration of a compact package could 
not be maintained. 

[0009] In addition to electrical signal I/O, the place which this invention is made in view of the above 
situations, and is made into the purpose constitutes the semiconductor device of the high performance 
which can also perform I/O of many lightwave signals, maintaining the gestalt of a chip-size package, 
even if the number of lightwave signals increased, and is to offer the lightwave signal I/O device of high 
performance using the semiconductor device. 
[0010] 

[Means for Solving the Problem] the connection which connects electrically to this semiconductor 
integrated circuit the field light emitting device array which was made to carry out the two-dimensional 
array of the field light emitting device to a semiconductor integrated circuit, and was constituted in one 
package as this invention was indicated to claim 1, in order to attain the purpose of above-mentioned 
this invention, the field photo detector array which was made to carry out the two-dimensional array of 
the field photo detector, and constituted it, and this field light emitting device and this field photo 
detector - the semiconductor device characterized by to have a conductor constitutes. 
[001 1] Moreover, the input-side multilayer optical waveguide which draws an input lightwave signal 
with electric wiring as this invention was indicated to claim 2, It is the lightwave signal I/O device 
equipped with the substrate which prepared the output side multilayer optical waveguide which draws an 
output lightwave signal, and the semiconductor device according to claim 1 electrically connected with 
this electric wiring at least. This input-side multilayer optical waveguide combines with said field photo 
detector array optically, and constitutes the lightwave signal I/O device characterized by this output side 
multilayer optical waveguide having the configuration optically combined with said field light emitting 
device array. 

[0012] Moreover, this invention constitutes the lightwave signal I/O device according to claim 2 
characterized by having the reflector where the edge of said input-side multilayer optical waveguide 
turns input signal light in the direction of said field photo detector, and turns it, and having the reflector 
where the edge of said output side multilayer optical waveguide turns the output signal light which said 
field light emitting device emits in the direction of a guided wave of this output side multilayer optical 
waveguide, and turns it, as indicated to claim 3. 

[0013] Moreover, as this invention was indicated to claim 4, said input-side multilayer optical 
waveguide or said output side multilayer optical waveguide constitutes the lightwave signal I/O device 
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according to claim 2 or 3 characterized by coming to carry out the laminating of the optical waveguide 
sheet which comes to carry out the laminating of the optical waveguide sheet which has two or more 
optical waveguides, or has two or more optical fibers. 

[0014] Moreover, this invention constitutes the lightwave signal I/O device according to claim 2, 3, or 4 
characterized by having a micro lens in the optical path of said input signal light which results in said 
field photo detector from inside of the optical path of said output signal light from said field light 
emitting device to said output side multilayer optical waveguide, or said input-side multilayer optical 
waveguide, as indicated to claim 5. 

[0015] Moreover, this invention constitutes the lightwave signal I/O device according to claim 5 
characterized by defining the focal distance and diameter of said micro lens according to the optical path 
length who results in the core of said output side multilayer optical waveguide corresponding to this 
micro lens, or said input-side optical waveguide from this micro lens, as indicated to claim 6. 
[0016] In the semiconductor device concerning this invention, and the lightwave signal I/O device using 
it, since I/O of the lightwave signal of a large number by the field light emitting device and field photo 
detector which were arranged in the shape of a 2-dimensional array (array) also becomes possible in 
addition to I/O of an electrical signal, the lightwave signal I/O device excellent in the engine 
performance which has the I / O unit of many lightwave signals can be offered by operation of this 
invention, with chip-size package structure maintained. 
[0017] 

[Embodiment of the Invention] Drawing 1 - drawing 3 are used for below, the gestalt of operation of this 
invention is illustrated to it, and it explains to it further at a detail. 

[0018] [Gestalt of the 1st operation] Drawing 1 is drawing showing the structure of the lightwave signal 
I/O device in the gestalt of operation of the 1st of this invention. 

[0019] In the gestalt of this operation, LSI chip 1 1 which has a semiconductor integrated circuit, field 
light emitting device array 12a which was made to carry out the two-dimensional array of the field light 
emitting device, and constituted it, and field photo detector array 12b which was made to carry out the 
two-dimensional array of the field photo detector, and constituted it are contained in the package of the 
appearance size of larger extent a little than LSI chip 11, and the semiconductor device which has the 
I/O function of a lightwave signal is constituted. The package is mounted in a printed circuit board 20 
(an MCM substrate is included) through the solder bump 15, and forms the TBGA (Tape Ball 
GridArray) package structure 10. 

[0020] In field light emitting device array 12a and field photo detector array 12b, the field light emitting 
device or the field photo detector is carrying out the two-dimensional array (in drawing 1 , two or more 
plurality arranges in the depth direction to a longitudinal direction), respectively. Thus, in this invention, 
since the light corpuscle child who did the two-dimensional array is used, compared with the 
conventional technique using the light corpuscle child who did the one-dimensional array, the number of 
lightwave signals in which radial transfer is possible can be enlarged by leaps and bounds. Field light 
emitting device array 12a and field photo detector array 12b are being fixed by the solder bump 13 on 
LSI chip 1 1 so that each optical I/O side 12c (a sign "12c" shows only the optical output side of field 
light emitting device array 12a) may turn to a printed circuit board 20 side. Moreover, the field light 
emitting device of field light emitting device array 12a and the field photo detector of field photo 
detector array 12b are electrically connected with the semiconductor integrated circuit of LSI chip 1 1 by 
it through the solder bump 13. namely, the connection whose solder bump 13 connects electrically the 
field light emitting device of field light emitting device array 12a, and the field photo detector of field 
photo detector array 12b to this semiconductor integrated circuit ~ it is a conductor. 
[0021] Furthermore, LSI chip 1 1 is connected to tape-like carrier 14a electrically and structurally. 
Electric wiring layer 14c is formed in tape career 14a, and it is developed so that it may become a 
terminal pitch suitable for electrical connection with a printed circuit board 20. The member (it sets in 
the gestalt of this operation and they are tape career 14a, electric wiring layer 14c, and 14d of 
reinforcing materials and heat spreading device 14e) of LSI chip 1 1 and a printed circuit board 20 which 
intervenes between connection is called INTAPOZA as a whole, and this INTAPOZA absorbs the 
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difference in the coefficient of thermal expansion between members other than pitch expansion, or 
achieves the role rate of protecting a chip. The solder bump 15 is formed in the electric wiring edge on 
tape career 14a by which pitch expansion was carried out, and it connects with the electrode pad 19 on a 
printed circuit board 20 with a surface mount technology. Since it has connected with the electric wiring 
on a printed circuit board 20 (not shown) electrically, by this, the semiconductor integrated circuit in LSI 
chip 1 1 connects with this electric wiring electrically, actuation of the electrode pad 19 is attained, and it 
becomes possible also for the field light emitting device and field photo detector which have connected 
with that semiconductor integrated circuit electrically to function it. Moreover, it is fixed to heat 
spreading device 14e through 14d of reinforcing materials, and tape career 14a is raising heat dissipation 
nature and handling nature. 

[0022] On the other hand, the closure of LSI chip 11, field light emitting device array 12a, and the field 
photo detector array 12b is carried out by transparent transparence resin 16 to use light for each surface 
protection, and its optical I/O side 17 (front face of transparence resin 16) is parallel to LSI chip 11. And 
corresponding to each component location, micro-lens 1 8a by the side of a package is formed in the 
intersection with the I/O optical path of field light emitting device array 12a and field photo detector 
array 12b on the front face of this transparence resin 16 in the shape of a 2-dimensional array. After the 
resin seal by transparence resin 16 is made, this micro-lens 18a trickles ultraviolet curing mold resin 
liquid into the front face of transparence resin 16, while it had made the spherical surface which appears 
with the surface tension of that liquid hold, hardens resin, and is easily formed by considering as a lens 
etc. Moreover, when mold performs the resin seal by transparence resin 16, even if it forms the 
depression of a micro-lens configuration in the mold beforehand, it is formed easily. Furthermore, it is 
also possible to fix to opening of the center of tape career 14a a micro-lens array like a monotonous 
micro-lens array formed on the glass substrate, and to realize. 

[0023] Moreover, respectively the output-signal light of the shape of a 2-dimensional array from field 
light emitting device array 12a is collimated by micro-lens 18a by the side of a package (parallel 
Guanghua), serves as a narrow beam (collimation light 31b), and goes to a printed circuit board 20 side. 
[0024] On the printed circuit board 20, the multilayer optical waveguide (output side multilayer optical 
waveguide 21a and input-side multilayer optical waveguide 21b) which has the optical waveguide which 
can respond to 1 to 1 at 2-dimensional array-like output signal light and input signal light is prepared. 
Such multilayer optical waveguides carry out the laminating of the monolayer which has two or more 
optical waveguides, and are constituted. The multilayer optical waveguide edge 22 is processed into the 
plane which has the include angle of 45 degrees to the direction of a guided wave, turns a beam 90 
degrees about as a reflective mirror which made the metal membrane etc. adhere to a total reflection 
mirror:TIR (Total Internal Reflection) mirror or an end face, and achieves the role rate which introduces 
into optical waveguide the output signal light which the light emitting device emitted, and the role rate 
which turns the input signal light which has spread optical waveguide in the direction of a photo 
detector. That is, it has the reflector where the edge of input-side multilayer optical waveguide 21b turns 
input signal light in the direction of field photo detector array 12b, and turns it in this case, and has the 
reflector where the edge of output side multilayer optical waveguide 21a turns the output signal light 
which field light emitting device array 12a emits in the direction of a guided wave of output side 
multilayer optical waveguide 21a, and turns it. Thus, input-side multilayer optical waveguide 21b 
combined with field photo detector array 12b optically, and output side multilayer optical waveguide 
21a has combined with field light emitting device array 12a optically. 

[0025] In addition, even if this multilayer optical waveguide (21a or 21b) was not directly formed on the 
printed circuit board 20, it is not cared about. For example, the multilayer optical waveguide which 
comes to carry out the laminating of the optical waveguide sheet (for example, film-like polymer optical 
waveguide) which has two or more optical waveguides, and the optical waveguide sheet which has two 
or more optical fibers is pasted up or fixed to a printed circuit board 20, and it is good also as multilayer 
optical waveguide (21a or 21b). In order to produce the multilayer optical waveguide which comes to 
carry out the laminating of the optical waveguide sheet which has two or more optical fibers, between 
the sheets of two sheets, on both sides of the optical fiber which carried out the distribution line, it 
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considers as an optical waveguide sheet, the laminating of it is carried out further, it unifies with 
adhesives etc., and the edge can be easily produced by carrying out mirror processing 45 degrees like the 
above-mentioned optical waveguide. When the optical wire length on a substrate is long, or when 
attenuation of optical waveguide poses a problem, the connection method using an optical fiber becomes 
dominance. 

[0026] Moreover, as shown in the a section detail drawing in drawing 1 , corresponding to each 
lightwave signal channel (path of a signal), micro-lens 18b is formed in the optical incidence part of 
output side multilayer optical waveguide 21a in the shape of a 2-dimensional array. Thereby, by micro- 
lens 18a, beam 31a which carried out outgoing radiation from field light emitting device array 12a 
within the package structure 10 is set to collie mate light 31b, continues, by micro-lens 18b, is set to 
convergence light 31c, and carries out incidence to core 23a. The diameter of the beam between micro- 
lens 18a and micro-lens 18b (collie mate light 31b) can be enlarged, and it becomes possible to obtain a 
big tolerance (tolerance) to the location gap at the time of mounting package structure 10 in a printed 
circuit board 20. 

[0027] In the above-mentioned explanation, although output signal light was described, the same 
configuration is mainly used also to input signal light. That is, in the multilayer optical waveguide edge 
22, it turns about the input signal light which has spread input-side multilayer optical waveguide 21b 90 
degrees, it follows an optical path contrary to the above-mentioned output signal light, it carries out 
incidence to the field photo detector of field photo detector array 12b, and it is changed into an electrical 
signal. 

[0028] As explained above, the lightwave signal I/O device in the gestalt of this operation The input 
lightwave signal which input-side multilayer optical waveguide 21b draws is changed into an input 
electrical signal by the field photo detector of field photo detector array 12b. Input it into the 
semiconductor integrated circuit in LSI chip 11, and the output electrical signal which this 
semiconductor integrated circuit outputs is changed into an output lightwave signal by the field light 
emitting device of field light emitting device array 12a. It is led to output side multilayer optical 
waveguide 21a, and it becomes the lightwave signal I/O device which performs radial transfer of many 
lightwave signals. 

[0029] Moreover, in the above-mentioned explanation, although the case where package structure 10 
was mounted in a printed circuit board 20 was explained, it cannot be overemphasized that a ceramic 
substrate which the substrate which mounts the semiconductor device concerning this invention is not 
limited to a standard printed circuit board like a glass epoxy resin substrate, but is used for multichip 
mounting (MCM) is included. In this case, between the semiconductor devices by which the surface 
mount was carried out on the MCM substrate is connected optically. 

[0030] [Gestalt of the 2nd operation] Drawing 2 is drawing showing the structure of the lightwave signal 
I/O device in the gestalt of operation of the 1st of this invention. 

[0031] The semiconductor device currently used in the gestalt of this operation packs LSI chip 1 1 by 
which the semiconductor integrated circuit was produced, field light emitting device array 12a which 
was made to carry out the two-dimensional array of the field light emitting device, and constituted it, 
and field photo detector array 12b which was made to carry out the two-dimensional array of the field 
photo detector, and constituted it by resin mold, and has the QFP (Quad Flat Package) structure 40 
which took out the electric lead 42 from the four directions of the package side face. 
[0032] the connection whose solder bump 13 the optical I/O direction is connected to LSI chip 1 1 by the 
electrical connecting means of solder bump 13 grade so that a printed circuit board 20 may be turned to, 
and, as for field light emitting device array 12a and field photo detector array 12b, connects electrically 
the field light emitting device of field light emitting device array 12a, and the field photo detector of 
field photo detector array 12b to this semiconductor integrated circuit ~ it is a conductor. The electrode 
of LSI chip 1 1 is connected with the electrode on INTAPOZA 14b by the electrical installation 
technique of bonding wire 41 grade. Furthermore, the electric wiring in which pitch conversion was 
carried out by INTAPOZA 14b is connected with the lead terminal 42 electrically within the QFP 
structure 40. Furthermore, since the lead terminal 42 is electrically connected with the electric wiring on 
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a printed circuit board, by these, the semiconductor integrated circuit in LSI chip 1 1 connects with the 
electric wiring on a substrate electrically, actuation becomes possible, and the function also of the field 
light emitting device and field photo detector which have connected with the semiconductor integrated 
circuit electrically is attained. Moreover, micro-lens 18a arranged in the shape of an array into the 
optical I/O part of field light emitting device array 12a and field photo detector array 12b is formed in 
QFP structure 40 inferior surface of tongue. The approach mentioned in the 1st above-mentioned 
example as the production approach of this micro-lens 18a is applicable. 

[0033] The QFP structure 40 cannot miniaturize BGA package structure, when there are many electric 
terminals, but when there are few electric terminals, the miniaturization which is not mostly different 
from BGA package structure is possible for it. Above all, since QFP structure is put in block with mold 
shaping of resin and can be produced, it is the greatest merit that packaging cost is very cheap, and it can 
realize small, high density, and a low price with the TBGA package structure 10 in the gestalt of the 1st 
operation, and is the high package structure of need. 

[0034] Drawing 3 is drawing having shown as an example what expanded the left half (output side 
multilayer optical waveguide 21a side) of drawing 2 for the gestalt of another operation of the above- 
mentioned multilayer optical waveguide (output side multilayer optical waveguide 21a and input-side 
multilayer optical waveguide 21b). He is trying for the focal distance and diameter of each micro lenses 
18c, 18d, and 18e to become suitable from each micro lens according to the optical path length who 
results in the cores 23c, 23d, and 23e which should carry out optical coupling to each in the micro-lens 
array formed on multilayer optical waveguide 21a. In this case, as for the focal distance of a lens, it is 
desirable to take almost equally to the above-mentioned optical path length. Therefore, in drawing 3 , 
considering as merit is desirable [ the focal distance of micro lenses 18c, 18d, and 18e ] into ** so that it 
may become almost respectively equal to the above-mentioned optical path length. It becomes possible 
to raise the joint effectiveness to the optical waveguide of all channels (path of a signal), and to reduce 
dispersion between channels by this. 

[0035] In the gestalt of this operation, although the example of QFP structure was indicated, it cannot be 
overemphasized that other semiconductor packages, such as a dual inline package (DIP), can be carried 
out. 

[0036] In addition, the package (the TBGA package structure 10 in drawing 1 and QFP structure 40 in 
drawin g 2 ) in the gestalt of above-mentioned operation is a thing applicable to a semiconductor device 
according to claim 1. Electric wiring for operating the semiconductor integrated circuit in a package is 
given to this. With an optical fiber etc. If the means which takes out a lightwave signal from the light 
emitting device in a package, and a means to input a lightwave signal into the photo detector in a 
package are provided, this package will function as a lightwave signal I/O device in which the radial 
transfer of many lightwave signals is possible. 
[0037] 

[Effect of the Invention] The high performance lightwave signal I/O device using the semiconductor 
device of the chip-size package which also has the I / O unit of the lightwave signal which enables I/O 
of many lightwave signals by operation of this invention in addition to the electric terminal which makes 
it possible to connect the electric signal to a printed circuit board can be offered. 
[0038] Moreover, in the semiconductor device concerning this invention, since the lightwave signal is 
outputted and inputted using a light corpuscle child's 2-dimensional array, the miniaturization of a 
package can be attained compared with the conventional technique. 

[0039] Furthermore, in the lightwave signal I/O device concerning this invention, since the micro lens 
which was suitable for every lightwave signal channel on the optical I/O side of the multilayering optical 
waveguide on a printed circuit board can be formed, it is effective in the ability to raise the joint 
effectiveness to the optical waveguide of all lightwave signal channels, and reduce dispersion between 
channels. 



[Translation done.] 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/6/2006 



JP,200L-185752,A [DRAWINGS] 



Page 1 of 2 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
m 1 




21a- 




22 17 



2 1 b-"A#fi9#®tt$»#, 2 2- &m*mimtm* 2 3 a -or, 

3 I e»-ffiffi3!^fr£«>„**3k 3 1 b--:3!M-Mlk 
3 1 c ~Jfc*« 




20 

[Drawing 3] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi__ejje 



9/6/2006 



JP,200M85752,A [DRAWINGS] 



Page 2 of 2 



Ef3 




[Drawing 4] 

■ 4 51 54 65 




52 



[Translation done.] 



http://www4.ipdLncipi.go .jp/cgi-bin/tran_web_cgi_ejje 



9/6/2006 



<19)B#B#»/t (JP) 



t« & Hfl *ft 1* & *B (A) 



(ii)ftfffflB&H#*§ 
$$182001-185752 
(P2001-185752A) 

(43)&fflB ¥^13^7^6 0(2001.7.6) 



(51) IntCl. 7 

H0 1L 31/12 
25/16 
31/0232 
33/00 

H 0 4 B 10/28 



F I 

H0 1L 31/12 
25/16 
33/00 
31/02 

H 0 4 B 9/00 



f-?3-r(##) 
G 5 F04 1 
A 5 F 0 8 8 
M 5 F 0 8 9 
D 5K002 
W 



*at# mim<D»6 OL 0£ 8 H) «»H^< 





#H¥1 1-366512 


(71) ttiKA 


000004226 










(22)tUIBB 


¥J*im2J?24B (1999. 12.24) 




J»KiimSlHK*#BT=:TB 3 # H§ 






(72)$89i# 


5# «= 






















(72)589« 
























(74)ftS!A 


100075753 



















(54) vmv&m *m&mmii*n&m^?tftm^Amtimm: 



(57) [££|] 

fcSgftlTf-T W 1 2 b iftrtiK-rS^yir-i^Bt 
1 h*«2 0te£§gU UAfll£Jl%W&K 

2la Srffi553t*^r W l2al:, A#{ll#jift*|)£ 
S8 2 l b £ffig:3fc*^-T Wl2b |c, ZtiZ'h. 

tH*i-5W**«fflH|-*B«3t* ; f-rn' 1 2 afCio 




n ffl 2001 -1 85752 (P2001-1 85752A) 



1 

[#frW#<0«SH] 

3t*BfrEffis** : f-©*ieitisntr*iRiaEsi-r5Ri*ffi 

>- h £«jf L X * 5 r t §r#m t "t 5 Bt#S 2 X 
2. 3X(4 4(CfS«(D3tff-§-At±S^^eo 

[0 0 0 1] 
[0 0 0 2] 

u mmmM. fcwvoteasritLfcfL lt 

[0 0 0 3] B4W\ *<&J:5&#flr#Affl;*j§SS«©fc 



2 

$k<r>%wm (ftmw- 11-138605 wizxmm % 

*tt©T'fo5„ , 3tm^-AW^^eS:^«llli-«fc 

[0 0 0 4] rwtfcjfcwftflffi, l4I^L/;± 
¥iJH£m«0K£rt«1-S L S If ^5 1 fc, /P> 

61*^^^ 5 6£^f£LTV>£ 0 LSIf? 
^5 1^ iB»3t3H^«r-*7cE5iJ*-&-C (■*-**>*>- 

5 3 t SrttA/K'O^S 7 J; 9* 

«U 3t«#«OAm*«ME4r*i--5^3|^BSr*figi- 
£<, 5^3tW-i-Am^SBt-*3^T, K3§ftiiif 

7W52XyiS*lffrK53i < T'yvhSte 
5 5±tR(tfc**«BS 4 tOWSr, 3t«#-©^9 £ 

So 

20 [0 0 0 5] LSIfy75 1):IMI^7M5 2 
£ ffigftSS^T W 5 3 fcfi, LS If lillli 

C At £ y S?fclRit> 5 i t 
^XXj-y- v? (C S P : Chip Size Package) i^tf 

[0 00 6] LSIfy^5 1t7'!)yHS5 5±© 
30 fiZtf^ ISA/fcVCv:/5 6Sr^s/^-v'Tffi(c*5V>T- 
^LWfll^roAtH^Sr/J^aiw^y^-^ttSrftofc** 

— ;U^y K7W (BGA : Ball Grid Array) 
%>VTv K77 y h^y^— (Q F P : Quad Flat Pa 

ckage) mitaqga* h-?fp»-e*, awi-c**. BG 

40 «±ld, *ffiHgSflCioTlt$^ (S3* h^T 

•fe y -f 5 r. t ^ »imx-h 5 ^*ji<D#mr*fe 

[0 0 0 7] 

[S8W;WiKfeL«fc5£i-SSI«] ±IE<o^j|$»e^t? 
iSs Jlem-^OAffl^SrfTiJt*^ (IM^TKS 
so 2 rtOffifc*** t SS**^-T K53 rtcDffigftiji 



^ IB 2001 -1 85752 (P2001 -1 85752A) 



3 

SW»c:{S*©Alll**Jfif*.a*Sfcit>»t/Jxfflft;Sr**»c* 
a^SBGAAC?*— (ft^U*CSP«ii) 

[0 0 0 8] KDipC, Jb^<D^3tEroS^Jt*5V>T 
(4, ftff*©AW*»»«:#*3¥*fM6«H\ -&tc 

£#1* , /hffiy? y S^OflMK £<ST ft £ v> 5 n 

[00 0 9] #3S?f!(}, ±i£tf>J; 5 ftWPflcj^-Cft £ 
axfcfcwc&o-c, twiKittSii^ jltflr#jR 

f:SS, mmff-^AI±S^{'7JPx:T, *»©*«#«)AW 

©¥i*gfSrffl v *fc*ttfB©*ft-*A W#S«*«fHr 

[0 0 10] 

[00 11] Sfc, tttmti. W*JS2(c|SttLfcj;p 
fc, m^ffii^i:, A*3te{3*«r*<A*«**#*«I& 
£, W**«*Sr*<a*«#Ji3ta|t«»i:«r»»t7t* 
«i< «**IB«i:*««jfc»«i-S»**lfclB«© 
£ t>#*.fc#flr ^AtliA§I-?ib 
o-C, RA^W^JiJfcilWElS^ttiaffiajtSU^-rWi 

* £ i- s ^-Ai±i^ga5r«^;-r 5, 

[0 0 12] Sfc, #»?HHt, W*3l3iC|e«cLfc<t5 
lc, HfrfEA^ffliJ#l^*S?KO*S157)5A^<f-§-Jt$:SfilE 
EiS:3fe^o^r[6](c|piJtT^riBi^-r-5SltffiSr^rL, 

2 lilE«©3ie«*AW*««t«*-f 
[0 0 13] #*iP!tt, if*JS4ic|H*LfcJ:5 

IC, «rffiA*«#fl*3»«KXttll9ffim*«#Ji*il»«E 



(3) 

h £»® LT ft 5 r £ ZmWh-f 5lf 2 Xtt 3 fcffi 
«©*«-»AW*§6it*#fig1-5. 
[0 0 14] ft*«5fC|E«L^<fc 5 

ftIfEW^{f-^3t(D^S§f3l«mIf5A^«#Ji^»SiKd^ 

e>iwiEana** ; f-KS6iwaA*(t-s-3fe©*K«*'ni^'f 

4 fclB«03tffi*Aa*ftttSr«J«-r s. 

io [0 0 1 5] W**6fcB«tLfcJ:9 

>/ n is-yXfrtaVfr-i 9 n H^XdatJfc-f SlttrfEW^Jffid 
#Ji3t*jftBXf±iWaA*fll!l*il|t*iS©3T»::S5*» 
SKj£i:T7£«> ibaVCV^ r. £ 5 1*** 5 K 

aB«0*«*AW*Sg««r«j«i-6. 
[0 0 16] *»WH:«*i|fci»«cSS«i:-tii«rfflv^fc3t 
«^AW*=g@K::}o^Tti, «ftflr§-©AW;&fc:aq*. 

SftS! ^ £ in <fc 3 ©*{t AW* t fTIIB £ ft 5 CO 

3SSrli»Lfc**-e, £*©3fc«*©Affl;*>*H**:*r+- 
5ttHBKiffixfc3t(S-g-AW**«S:««-r 5 ^ £ 

So 

[0 0 17] 

WTtc, g|l~l2l3SrfflV^-r, * 

[0018] m i <omm<omwa m 1 tt, **woi 

30 [0 0 19] **J£co^ffi(i*3V^T, ¥*ttftfl(ilK£ 
ft5LS Ify/llt, B»**^«r-*5cBMS 
tt**Lftffi»**f7W 1 2 a t, ffiSJt*^* 

r^7ciajij$-frr«^LfcES:3t^r u-r 1 2 b t 

fc^^Xl SSr^L-C'T'y V KStS2 0 (MCMSfi?: 
■^■tr) I'JI^^^T, TBGA (Tape Ball GridArra 
y) '<y4r— 5>fl|»l OSr^LT^S. 
40 |00 20]I«|^7Kl2ai:K)tlf7W 
-f 1 2 b i(c*3V\Tf4, SIS?t^fo5V^ttffiS3t^ 
^, **L^*b, -ftjcfiW (HI 1 (dfc^T, fe&*|R||J: 

Jt^T, AW*«i3lRrtB*3tfll-i«Sr«««JK:**<-r 

5 r t 5 0 B»3fe*^ T v-f 1 2 a t fflSJtJJ^- 

7Ki2biit Jtn-enojtAW^s 12c (W* 

Tl2cj iaoTI«if7Ml2affl*lliM 
so cD^^-f) *^ , y^hS«2 0«SrKo<J;3i=» LS 



ft ffl 2001 -1 85752 (P2001 -1 85752A) 



5 

TVS. ^-tttiot, ffilgftiti^-T L^f 1 2 a 

Wffi«3t^iffiSJt^rW 1 2b©ffig***4: 
(4, li^fcV<yyi 3^Lt, LS I -y :/ 1 1 ©^£ 

314, mfttttm+TUj 1 2 a©IWi 

iia**^r W i 2 bOBftftX? 

[0 0 2 1] ^bl-LS 1(4, 7 1 — ;/#©* 

-T'^r^r U T 1 4 a ta4&affiilfUi 14c tmf&ztix 

ffiiC*3V^T(4, y T 1 4 a tH^SEi&Wf 1 4 

c tJtSMtfl 4 d t fc— h^Wjyy-l 4 e) 

7h<9, ^y:7Sr««^3«ro«HH9 tTy^S 
H ^frfcx-:/*^ P714a ±©«^SfliHfflg&tc:i4, 
(4A,f£^>-^l 5^^$tbT*3«5, yyyhSfi2 0 

±»««^y ki 9 kmffinm&ffi\z.£^xfflfc£h 

t, ls ify/i i*©¥*#£«ie«&;4s;r©m3tffi 

hWmm&kttZo ^-T^yri 4 af4, fit 

Sfrftl 4 dSrfl-LTfc- hXT-Uj/^-l 4 e{d@^$ 

[00 2 21 -*, LSIf^yiltiM^Tl/ 
-f 1 2 a tiS)tif7W 12bil4, -tjjVPih©* 

m) 14, LS I fy/l l{C*M,T¥tTt*oTV5o 

f7Kl2ai ffiS** : f-r W 1 2 b t ©AW** 
K tt, #i?fiit»«bt > 

<^5 0 ;©-7^d^xi 8af4, M^if, mmmm 

»fc*Jfi*Mil 6©*ffiicjKTL, ^©fSro^ffi^lc 

fc, glWJJgl 6tJ:5»JIB*t±* i e-/i'KKJ:orfT 
54§-£lC(4, ^ roitfe f>i» ^ b l/V^o 

ffi7^^Bl/yX7W©i54, #7*S*g±Wfc 

a 4'*©0R Patent LTHm-rsrt fcflTtlTifcS. 



6 

[0 0 2 3] *fc, S****T W 1 2 a*»5>©r?fe 
7cTW^©m*ft-§-JtJ4, iix^iXs *y*—i?mn 
^^ni/yXl8a|:±oTay^-F (Wftfc) 

[0 0 2 4] ^hS«2 0±(C(4, Z&jc7K« 
<OW*«-§-JfeXWA*«-§-3fefc 1 *f 1 {C»«^r«6*36i» 
S?K*W-r5#S3t*jS!S (ttiAMgfrJIftWttB 2 l a 
XtfA;&ffll#Ji3fei*«l&2 1 b) iSKWfetlTV^. Z 
.o ^?>©#/g3fe#»8S«> 1S«©3t^«^S:*1-5mgSr 
aWL-C«***fCV^<5. #Jf 2 2 ttigjfc 

*|6j('*fLT4 5«©^S?rtoTO^{c:^DX$ix, £ 
7— : T I R (Total Internal Reflection) 5 

»9 -rfcfr*,, r ©»£■£, xt>M&m%m 

«gg2 1 b ©jH«*A*fll#3t*rffiS3fe*-f T U-T 1 2 
^3t*jfeBS 2 1 a ©ffiSB^BIgftsii^T Wl2a #38 

T, Xti%^m%mSLHk2 1 b aSffiSJtStf^T U-f 1 2 
b t Jt^ttlCfe^b, tti*®J£Jf ft«$!&2 1 a #S38 
3t3R^T W 1 2 a t3fe^6*)l-^LT^5 0 
[0 0 2 5] Z©#S3t*«K (2 1 aXI42 1 

b) (4, 7 p yvhS«2 0±(Jlil:»^^tlfct©^^ 

so 'ffiggv-h (fi9Jx.{4*7w^A«©/Ky-r-^;^fS) 

T44#«36*«KSr^y ^ FSffi 2 0 tc«#fcSV^(4 
i£LT, #JIft*?ffiSg (2 1 a^f42 1 b) t LTt 

LT&3£8ft^i£S§£ffrEH-5(a4, 0*Jxl(4, ga*H 
Lfc3t7r-r/<Sr-«C©^- MBfc^T?****^- 

©«fB^±ls©3t«ifeSSiPi:J;5{c4 5«5 7-*px 
[0026] *7t, mi'p^aummm^Tji-rxo^. 

ffl*«l#e3t*StK2 1 a OJtMrtMJ-Ktt, #3tflMS- 
^•y^/w at-f-©ii6g) fc*fjSLT-v-<^n i/yXl 8 

z.l-£'<yir—im'&l 0rt©ffi|g3t^T W 12a*> 
e>ttJWLfcif-A3 1 a 14, ^^ol/VXl 8 a(d<t 
otay-^-h*3 1 birfct), i^V^T■^-f ^DUV 
Xl 8 b(dJ;o-C)t2^3 1 c t4ot372 3 alCA 
so Wt5. ^f^Bl/yXl8at?'f^Dl/yXl8b 



ft ffl 2001 -1 85752 (P2001 -1 85752A) 



7 

<t5riiSf#, ^V^-v*»iti Ofc^y^hSfc 

[0 0 2 7] ±|Brotft9!K*5^Tf;J:, tett, tU^ffl^- 

LT#fcA7Mf-§-*l4s #Jfft^$tBg«aS2 2l~3o<^ 

(4®<D^ggSrfcif "9, ffigft^TW 1 2 b (Dffigft 

[0 0 2 8] u±mw Lfc i 5 (C, *HJg<D^ffi^*Jtt 
Sftlf-^AttiTJigsfifi, A77fiiJ#Jfft^i£i&S2 1 b^^ 
< A^ft{f#£ffi§:3feiif^Ti^ l 2 b (Dffig}fc*H4c 

l f ro^^*»EIS§(c:A77 U ^^^amsg^ffi 

jii-zmjjnma%- : &ffi$&ytm*T w 1 2 a »a^ 

[0 0 2 9] ±IS»|ft^{Cfc^Tf4, ^s/^r-i? 

*ifii o^^y ^ks«2 o^nii-t-§»-a-^ifi.WLys: 

£tl&<7)X'te< , -r/l^^ 7°H3£ (MCM) (CfflV^fj 

[0030] [3? 2 vnmvMM) m 2 #3§?j??>ig 

1 coHJS(7?^[c*JCt5*ffl^-Atti77^B^«3t5:^1- 

[0031] *nm?>Mni,zi3\< ^x mm znx\, ^z*m 

it, mmftm*&-ikK%in£ikxffii$,i.tzm%ytm 
^Ki2ai, m%ftm7-z-i[k7cnmmtxffif$. 
Ltzm^ytm^-T u-r 1 2 b t zmm*— ^ Kt-± k> * 

yy-—i/L, ^ <Ds< y >r - i?M S5 <D W% [6] P> «^ y - 
K4 2 9 ffl LfcQ F P (Quad Flat Package) flfit 
4 OSrff LtV^„ 

[00 3 2] ffi^3t*^T K12ai E§5fe*^-T W 
-f Ubtlt ^AW^^lSl^T'y y bm&2 0^|S]< 
J:5(C, LS Ifyyi li^ttA/fc'^vyi 3?©tH 

tt. mftltmirT W 1 2 a©ffiDti?iI$3t|? 
TW12 bcoaS*^i:^^^«[HlSSlcS^ 
W(^i^-rSS«!^i:^oTV^-5 0 LSIfy/ll 
<7>®4II;t, -f^^-sK— if l 4 blolli^yf^ v 
^!7^-ir4 i^co^6ti^^jfe(cj:oT^5tvTV> 

5„ £<b(~, -Y V^-tK— if 1 4 bi'ioTt^i/^m 
$ttfe1^ISi^f4, y-K«^F4 2tQFP*3t40rt 



(5) 

^xm^m^mm^nx^^. y-KST-4 2 

^^XU'ffiS^^tatg^tgt^So QF 
P*fit4 OTBIili, IMi^TW 1 2 ail§)£ 
ifTK 1 2 b icD3tAtU^S5^f-. T Wftfd&^J 
LfcW^n uyXl 8 a^^^^XTV^, rcD-v-f 
io ? o uyXl 8 a Wf^g^fet LTtt, Mi&OSg 1 C»H 

mm^^^xmf tc5mm%x$ 

[0 0 3 3] QFP«it4 0i3\ mmffl^A^v^^- 
tett, b g y v-—ymm\z t^hMitiri, r t 

mmfrbik'bmbfr-ssmx'ibZo fce <t t> , 

ftA<Dp( Slyht&t), ^1 C0HS£(O^ffi(c*3tt5TB 

[0034] a 3 sfi37Bw#ji)t»Kss mtim^m 
^«ifS2 1 a tA^j{iu#^*^&ss2 1 b) nm<om 
m<»rm*. 120m ((±s^(R'J^^^k 2 1 a 

^tiSSS2 1 a ItMJtiS o wy^r i/^ tjj 
^t, ^©W^PUyXlSc, 1 8 cU 18eC0 
M&1gm*?W&fc. 4 9 n uyXfabZtlZ'tl 

t*^^f5^372 3c, 2 3d, 23eiCliS 

<i5rtWJu^„ LfciSot, |g|3^C*3V^TI4. 
^^DUyXlSc, 18d, 1 8 e <DMM.&M\-Z, 

[0 0 3 5] *HJ£W^ffi{C*3^T(4, QFP®3g<£>0fJ 
€rM*Lfc>J5, ^^.T/W^-^-f V^-y^r— (D I 

[003 6] ±^<7>Hffi<D^|i{>:*5(t5^S/^- 
(Hll (CfcltSTBGAXs/^r-vJflljtl 0 t[H2JC 

*3tt5QFP*it4 0) 1 \zmmo¥m&mm 

so OAtH77*!tS^ortl^^f§-Affl7J^Bt LTSItEi- 



mm 2001-1 85752 (P2001-185752A) 



(6) 



9 



[00 3 7] 

<om.fs.mm ^zmifc-r z>^t**im t -r * m 

[0 0 3 8] **WK:fll6*»iMlE*K:33V^-C 

[Ell] **W©*lo||l(6(Z)«*Sr^-r«S;H-T?*> 
[HI 2] **W(D*2(Djtlfio»JBiSr*-t-**H-e«) 

[H3] *&w<D%2<DmM<nwmx*m^it&mftn 



10 

1 O-TBGA/^y^-^JS/ 1 1-LS ITyfs 
12a-B8**f7W, 1 2 b-ffiS3t^TU 
-f, 12c-*A«m lS-lj;^;/^^ 14a 

■•■f^Hyr, i 4 b->f ^-sK— if. He- 
y-, ie-mmmm, 17-* 

AtB^ffi, 18a--7^yDl/yX, 18b-WyP 
ix^X. l8c-7/f^nuyX (Hi) , I8d- 

2 1 a -UAflMftWttMK 2 1 b -A*«*Ji*» 
ttMK 2 2"-M3fe«ttK«HfB. 2 3a-3T, 23c 
-37, 2 3d-37; 2 3e—a7\ 3 1a-ffi« 

*^e>oai**, 3 1 b-a y h3t, 3ic-iR 

4 0-QFP«3S, 4 

*^7K, 5 3»f8*^7W, 5 4-JtWK 
5 5 6-14^/^ 5 7- 

5 8-UEflt. 



il] 





1 0 -TBGA^^-SJ«jS, ll-LSIf^ 

2 0-:/>J>KNu 2 1 a-d)*fl#Jg%9tt£k 

2 1 b -xi]®&mytm&&, 2 2-&mytmwm&* 2 3 a-or, 

3 1 tL-mftx%?fr*><D&mye, 3 1 b-3U*-Mk 

3 1 c -ifcjfctt 



^182001-185752 (P2001 -1 85752A) 



(7) 



[19 2] [03] 




2 3c -OT\ 2 3d-37, 3 3e»-37 

[04] 




52 



5 7-^«/^^ SB-ttJWK 



(si) int. ci. 7 mm* 

H 0 4 B 10/02 



2001 -185752 (P2001 -1 85752A) 



02) mm^ *m m*i 
(72) mm m# m% 
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